Background: Cancer-related fatigue (CRF) is one of the most troubling symptoms of cancer patients during chemotherapy, and no gold standard for the treatment of CRF has been established. Objective: This study aimed to examine the effects of the Baduanjin qigong on patients with colorectal cancer and CRF, and to explore its intervention effects. Methods: This was an open-label, randomized controlled clinical trial. Ninety patients with chemotherapy-treated colorectal cancer and CRF were randomized to a Baduanjin exercise group or a routine care group. The primary outcome was the Brief Fatigue Inventory (BFI) score at 24 weeks. The secondary outcomes were the Karnofsky Performance Status (KPS) and Pittsburgh Sleep Quality Index (PSQI) scores at 24 weeks. Results: There were no significant differences between the two groups in CRF level at baseline and 12 weeks. At 24 weeks, the proportion of patients with moderate-to-severe CRF was significantly smaller in the exercise group than in the control group (23.2 vs. 59.1%, p < 0.01). The KPS and PSQI scores were similar in the two groups at baseline and 12 weeks, but they were significantly higher and lower, respectively, at 24 weeks in the exercise group compared with the control group (KPS score: 89.3 ± 8.3 vs. 75.2 ± 11.5, p < 0.01; PSQI score: 4.1 ± 1.1 vs. 6.9 ± 2.0, p < 0.01). Significant timegroup interactions were observed for all three scores (all p < 0.01). Conclusions: Baduanjin qigong exercise can relieve CRF in patients with colorectal cancer undergoing chemotherapy and can improve their physical activity level and their quality of sleep.
Introduction
Cancer-related fatigue (CRF) is a painful, persistent, subjective body, emotional, and/or cognitive fatigue disproportionate to recent activities, associated with cancer or cancer treatment, and often accompanied by dysfunction [1] . About 60-96% of patients who receive anticancer treatments complain of fatigue [2] . During chemotherapy, patients often display fatigue, pain, nausea, vomiting, and other symptoms. Fatigue is one of the most perplexing symptoms for patients [3] . Chemotherapy is an important factor in the occurrence or aggravation of CRF, and CRF is one of the main reasons for interruption of treatment or exacerbation of the disease [4] . More than 6 months after cancer treatment, approximately 30% of patients still report moderate-to-severe ongoing fatigue [5] . The factors contributing to CRF include the cancer itself, cancer treatment, and chronic diseases such as ane- mia, pain, depression, anxiety, mental fatigue, and lack of exercise [1] . The pathogenesis of CRF is still unknown, but might include proinflammatory cytokines, growth factors, circadian rhythm modulation, adrenal axis interruption, serotonin imbalance, afferent activation of the vagus nerve, and the production or use of abnormal adenosine triphosphate [6] .
CRF belongs to the category of mental deficiency in traditional Chinese medicine (TCM) and represents various chronic asthenia syndromes characterized by insufficiency of visceral function and deficiency of Qi, blood, Yin, and Yang. Currently, there is no recognized standard for the treatment of CRF [7] , but exercise might be the only effective CRF intervention proven by first-degree evidence [8] . A meta-analysis confirmed that aerobic exercise has a definite effect on CRF in patients with breast cancer [9] .
TCM believes that Baduanjin qigong can help dredge meridians, Qi, and blood, regulate visceral function, strengthen the body and dispel evil, and strengthen physical fitness in order to improve sleep, relieve bad mood, and improve blood lipid metabolism [10] [11] [12] . The Baduanjin is a series of aerobic exercises believed to impart a silky quality to the body and its energy, and to improve general health. It can be broken down into eight exercises that focus on different physical areas and meridians [13, 14] .
Nevertheless, the impact of the Baduanjin on the CRF of patients with colorectal cancer is unknown. Therefore, the aim of the present study was to examine the effects of the Baduanjin on patients with colorectal cancer and CRF and to explore its intervention effects. The results could provide a method for managing CRF in patients with colorectal cancer.
Subjects and Methods

Setting and Patients
This was an open-label, randomized controlled clinical trial. It was conducted at the Department of Oncological Surgery, Kunshan Hospital of Traditional Chinese Medicine, Jiangsu Province, China, where more than 100 cases of colorectal cancer are treated every year. The participants were patients with colorectal cancer undergoing chemotherapy between May 2016 and March 2018.
The inclusion criteria were: (1) > 18 years of age; (2) surgical resection of gastrointestinal tumors by laparotomy or laparoscopy under general anesthesia; (3) pathological diagnosis of colorectal cancer, TNM stage I-III; (4) no prior history of chemotherapy; (5) being able to read and answer questionnaires by oneself; (6) suffering from CRF as assessed by the simple fatigue scale; (7) being able to use smart phones and the WeChat app; and (8) being aware of one's disease diagnosis and providing informed consent.
The exclusion criteria were: (1) cardiopulmonary disease, nerve, muscle, or joint disease, or other malignant tumors affecting movement; (2) mental illness or serious cognitive impairment and defects in language; (3) postoperative heart, cerebral vessel, or other serious complications; and (4) history of having participated in Baduanjin exercise.
Randomization and Interventions
Among the four wards, two were selected to conduct this study. The patients in one ward received the Baduanjin intervention, while the patients in the other ward received the routine care intervention. The random allocation sequence was generated by an independent statistician. The patients who met the inclusion criteria were assigned to the Baduanjin or routine care intervention wards in the order of admission.
The routine care group received routine CRF care [1] , face-toface health education about CRF, explanations about the evaluation methods, related symptoms, influencing factors, and intervention measures of CRF. The contents were simple and easy to understand.
In the Baduanjin exercise group, the Baduanjin exercise intervention was carried out in addition to the routine care of CRF. The Baduanjin intervention team was composed of 1 head nurse, 1 oncologist, 1 rehabilitation specialist, 1 oncology nurse specialist, 2 TCM nurses, and 1 nursing postgraduate. The team members were trained in systematic colorectal cancer chemotherapy, Baduanjin exercise, and cancer-related knowledge communication. The oncology nurse specialist explained the possible effect of Baduanjin exercise on CRF. The TCM nurses explained the effect of the Baduanjin exercise on the meridians, viscera, and emotion, and explained the mechanism of Baduanjin exercise on CRF in common language.
Using the WeChat app, the patients were invited to watch videos explaining how to perform the exercises. The first course (40 min) explained and demonstrated the eight movements and natural breathing methods. During the second course (40 min), the patients performed the exercises and the study team observed and corrected the movements, if necessary.
During hospitalization, the patients practiced the Baduanjin from 16: 00 to 17: 00 every day, for at least 5 sessions/week and 20-40 min/session. The session was led by a TCM nurse. During the first session, the physician made an exercise prescription based on the patient's current health, cardiopulmonary function, chemotherapy symptoms, and physical fitness. A log was kept of all exercises.
During the chemotherapy period, the patients were asked to exercise at home, uploading pictures of them and of their log every day. Their families were also encouraged to exercise with their patients. In the WeChat group, videos were uploaded once a week.
Endpoints
The primary endpoint was the Brief Fatigue Inventory (BFI) score at 24 weeks. The secondary endpoints were the Karnofsky Performance Status (KPS) and Pittsburgh Sleep Quality Index (PSQI) scores at 24 weeks.
The BFI was used to evaluate the CRF level of the patients [15] . The indicators include the degree of present fatigue, the degree of past-24-h fatigue, and the impact of the 24-h fatigue on emotion, action, work, relationships with others, and fun with life. The BFI is scored as follows: 0 = no fatigue, 1-3 = mild fatigue, 4-6 = moderate fatigue, and 7-10 = severe fatigue. The reliability coefficient of the scale was 0.97 and the validity coefficient was 0.92. The validated Chinese version is simple and easy to understand, with fewer entries and a better distinction for the degree of fatigue [16] .
The KPS scale was first proposed in 1949 by Karnofsky to measure the body function of cancer patients, to assess the daily selfcare ability and vitality of cancer patients, and to determine the degree of medical care [17] . It is now widely used to assess the functional status of cancer patients. The KPS is an objective evalu-DOI: 10.1159/000501127 ation index. It is scored 0-100 and higher scores indicate a better state.
The PSQI, proposed by Buysse et al. [18] in 1989, is currently the most commonly used scale for assessing sleep quality. The present study used a scale translated into Chinese and validated by Tsai et al. [19] . The scale assesses the quality of sleep in the last 1 month. There are 18 items, divided into 7 factors (sleep quality, sleep latency, sleep efficiency, sleep duration, sleep disturbances, daytime dysfunction, and hypnotics use). Each factor is divided into 4 grades scored 0-3. The total score is 0-21. A PSQI score ≥7 indicates sleep problems. After 2 weeks, the test-retest reliability was 0.83 and Cronbach's α coefficient was 0.84.
Data Collection
All patients completed all 3 questionnaires 3 times (at baseline, 12 weeks, and 24 weeks) at the hospital. The baseline BFI, KPS, and PSQI administrations were completed before the first chemotherapy course. A trained graduate student was available to provide explanations in a unified and standardized language.
Sample Size and Statistical Analysis
The sample size was estimated using the two-sample mean comparison formula n = 2[(u α +u β )σ/δ] 2 , where α = 0.05, β = 0.1, u α = 1.96, and u β = 1.28 for bilateral testing. The main test target of this study was the CRF scale, and the sample size was calculated based on this index. According to the formula, 41 patients were required in each group. Assuming a loss of 5%, 45 patients were recruited to each group. SPSS 19 (IBM, Armonk, NY, USA) was used for all analyses. Categorical data are expressed as frequency and percentage. Continuous data are expressed as means ± standard deviation. The two groups were compared using the t test, χ 2 test, or Fisher exact test, as appropriate. Repeated-measures analysis of variance was used to assess the differences in BFI, KPS, and PSQI scores during the intervention. The Wilcoxon rank-sum test was used to measure the degree of CRF in the two groups of patients before and after the intervention. A two-sided p < 0.05 was considered statistically significant.
Results
Characteristics of the Patients
A total of 90 patients with colorectal cancer were enrolled. One patient in the routine care group (conversion to primary hospital chemotherapy) and 2 in the exercise group (1 failed to exercise and 1 was switched from chemotherapy to radiotherapy) dropped out. Finally, there were 43 patients in the exercise group and 44 in the routine care group (Fig. 1) . Table 1 presents the characteristics of the patients. There were no differences between the two groups (all p > 0.05). Table 2 presents the results of the BFI scale at baseline, as well as during and after the intervention. There were no significant differences between the two groups in the proportions of patients with mild, moderate, and severe CRF at baseline and at 12 weeks. At 24 weeks, the proportion of patients with moderate-to-severe CRF was significantly lower in the exercise group compared with the routine care group (23.2 vs. 59.1%, p < 0.01). Table 3 presents the BFI scores and shows that there was a significant time-group interaction (p < 0.01). Table 3 presents the KPS and PSQI scores. The KPS scores were similar in the two groups at baseline and 12 weeks, but the KPS scores were significantly higher at 24 weeks in the exercise group compared with the routine care group (89.3 ± 8.3 vs. 75.2 ± 11.5, p < 0.01). A signifi- cant time-group interaction was also observed (p < 0.01). The PSQI scores were similar in the two groups at baseline and 12 weeks, but the PSQI scores were significantly better at 24 weeks in the exercise group compared with the routine care group (4.1 ± 1.1 vs. 6.9 ± 2.0, p < 0.01). A significant time-group interaction was also observed (p < 0.01). Among the components of the PSQI, the exercise group showed improvements in sleep quality, onset time, hours of sleep, sleep efficiency, dyssomnia, and daytime dysfunction.
CRF 12 and 24 Weeks after the Intervention
Performance Status and Sleep Quality after the Intervention
Discussion
The incidence of CRF with colorectal cancer and breast cancer is higher than with other cancer types [20] . Major stressful events such as cancer diagnosis, surgery, and chemotherapy have a great impact on the patients' psychological state, making them prone to CRF. CRF is one of the most troubling symptoms displayed by cancer patients during chemotherapy, but no gold standard for the treatment of CRF has been established [1, 21] . Therefore, the present study aimed to examine the effects of the Baduanjin on patients with colorectal cancer and CRF and to explore its intervention effects. Baduanjin exercise can relieve CRF in patients with colorectal cancer under chemotherapy and can improve their physical activity level and quality of sleep.
The Baduanjin is a TCM aerobic exercise. Its exercise intensity and action sequence are in accordance with kinematics and physiology. It plays an important role in enhancing immunity and eliminating fatigue [22] . A systematic review showed that the Baduanjin is beneficial for quality of life, sleep, general life balance, and physical parameters (hand grip strength, flexibility, blood pressure, and heart rate) among healthy individuals and patients with a variety of diseases [23] . A Chinese study showed that the Baduanjin could improve CRF and the quality of life of cancer patients undergoing chemotherapy [24] . The present study showed that the patients in the Baduanjin group had a reduced frequency of severe fatigue after 24 weeks of intervention. There were significant differences in CRF scores according to time and time-group interaction, but not for the inter-group comparison. This may be related to the side effects of chemotherapy at 12 weeks, which resulted in no obvious relief of mild and moderate fatigue after 12 weeks of intervention, which is in line with the findings of a study by Butt et al. [21] . The KPS and PSQI scores after the intervention were statistically significant in time, inter-group, and time-group interaction effects, indicating that Baduanjin exercise improved the patients' physical function and sleep quality.
TCM believes that CRF is a general term for chronic weakness, with a decline in function of the viscera and a deficiency in Qi and blood as the main pathogenesis, which is caused by a variety of factors including a deficiency in positive Qi and stagnation of Qi, blood, Yin, and Yang [25, 26] . Chemotherapy is harmful to the Yin and leads to the invasion of evil, leading to spleen and stomach disharmony and poor ventilation, aggravating the body's CRF. The fatigue pattern of cancer patients during chemotherapy is of the "mountain peak and valley" type [27] . Fatigue in patients with colorectal cancer increases at the beginning of each chemotherapy cycle (days 1-7) and slowly decreases on days 8-21 [28] . Therefore, according to the dynamic fluctuation of CRF, our rehabilitative therapist adjusted the Baduanjin exercise regimen accordingly during each cycle and allowed a maximum of 2 days of rest each week.
In a study on non-drug intervention for CRF, exercise therapy alleviated patient fatigue by improving muscle strength, aerobic fitness, and psychosocial function [29] . So far, studies have examined aerobic exercise, resistance training, or their combination under the guidance of professional personnel [30] [31] [32] [33] . The metabolic equivalent of the Baduanjin is < 3.0 and the maximum heart rate is 54% [34] . Therefore, according to the American Sports Medicine Association (ACSM) and the American Centers for Disease Control and Prevention (CDC), the Baduanjin is a low-intensity exercise. It is believed that low-intensity exercise can expand the muscles, promote the operation of Qi and blood, and improve the state of the patient's body function. The Baduanjin can also regulate emotion and keep the body quiet and calm, reduce the production of serum-related anxiety markers, and relieve anxiety [10, 13, 14, 23] ; it is also associated with improved sleep quality [11] . On the other hand, a study on patients with breast cancer showed no improvement in sleep quality [35] . Alleviating negative emotions effectively relieves physical and mental stress, improves the sleep condition, and reduces CRF. The Baduanjin is an aerobic exercise that integrates rehabilitation medicine, biomechanics, psychosomatic medicine, and meridian and collaterals. It is easy to learn, and the activity intensity is suitable for patients with chronic illnesses [10, 13, 14, 23] . There is no special material requirement. It can be carried out at home, outside, in the park, alone, or in a group, which helps adherence. This study also used the WeChat app to improve adherence. It could also be interesting to examine the effect of the Baduanjin in combination with other TCM modalities such as acupuncture [36] . This study showed positive effects in alleviating CRF and improving sleep quality, but there are still some shortcomings. First, the intervention lasted only 24 weeks, and the study of long-term effects and the effects of sustained exercise interventions need longer follow-up periods. Secondly, each component of the Baduanjin works on specific body parts, and it needs further research to study whether increasing the frequency or the intensity of a specific component could further improve CRF.
In our study, two groups of patients experienced nausea and vomiting during chemotherapy. Ear seed implantation -one method of TCM -was used to improve the symptoms of nausea and vomiting. Specifically, the treatment can be described as follows. First, select the corresponding Shenmen, stomach, cardiac, sympathetic, and subcortical ear acupoints. Second, use 0.5 × 0.5 cm special adhesive tape for the auricular acupoints to apply the disinfected vaccariae semen to the selected acupoints. Third, massage the above acupoints alternately to prevent emesis. According to TCM, the ear is the gathering place of confluence of channels; twelve meridians are connected to the ear, and all organs are connected to the ear. Stimulating ear acupoints can effectively act on the meridians of the whole body, adjust the function of the body, and alleviate adverse reactions.
In conclusion, this study strongly suggests that the Baduanjin relieves CRF in patients with colorectal cancer undergoing chemotherapy. Baduanjin exercise also improves the level of physical activity and sleep quality. This could be a convenient and simple method of alleviating CRF in patients with colorectal cancer undergoing chemotherapy.
